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Abstract 
The process of structural health monitoring (SHM) involves monitoring a structure over a period of 
time using appropriate sensors, extracting damage sensitive features from the measurements made 
by the sensors and analysing these features to determine the current state of the structure. Various 
techniques are available for structural health monitoring of structures and acoustic emission (AE) is 
one technique that is finding an increasing use. Acoustic emission waves are the stress waves 
generated by the mechanical deformation of materials. AE waves produced inside a structure can be 
recorded by means of sensors attached on the surface. Analysis of these recorded signals can locate 
and assess the extent of damage. 
 
This paper describes preliminary studies on the application of AE technique for health monitoring of 
bridge structures. Crack initiation or structural damage will result in wave propagation in solid and this 
can take place in various forms. Propagation of these waves is likely to be affected by the 
dimensions, surface properties and shape of the specimen. This, in turn, will affect source 
localization. Various laboratory test results will be presented on source localization, using pencil lead 
break tests. The results from the tests can be expected to aid in enhancement of knowledge of 
acoustic emission process and development of effective bridge structure diagnostics system. 
 
Keywords: Structural health monitoring, acoustic emission, source localisation, time of arrival 
(TOA) method 
 
 
Introduction 
Structural health monitoring (SHM) refers to the procedure used to assess the 
condition of structures so that their performance can be monitored and any damage 
can be detected early, thus increasing reliability, safety and efficiency of the 
structures. The process of SHM involves monitoring a structure over a period of time 
using appropriate sensors, extracting damage sensitive features from the 
measurements given by the sensors and analysing these features to determine the 
current state of the structure (Sohn et al. 2003). A wide variety of techniques are 
available for SHM of structures. Acoustic emission (AE) is one of the non-destructive 
techniques which is finding an increasing use in monitoring civil, aerospace and 
mechanical applications. 
 
AE waves are the stress waves generated by the mechanical deformation of 
materials. Some common sources of AE in engineering materials are 
initiation/growth of cracks, yielding, material dislocations, impacts, rubbing of 
contacting surfaces and fibre failure in composites. AE waves produced inside a 
structure can be detected by means of sensors attached on the surface, see Figure 
1. Using appropriate signal processing and noise suppressing techniques, AE 
signals from real damage source can be distinguished from noises, arising from 
traffic or other environment sources, as well as from rubbing of bridge parts. Analysis 
of these recorded signals can locate and assess the extent of damage. Parameters 
of AE signals such as amplitude, duration, energy, hits and counts that are useful in 
further analysis are shown in Figure 2. 
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Figure 1: Generation of AE (Source: http://www.pacndt.com) 
 
 
Figure 2: Parameters of AE signals (Lozev et al. 1997) 
 
 
Source location 
AE technique possesses several advantages over other monitoring methods, such 
as high sensitivity and ability to locate the source of damage. Source localisation is 
an important part of any monitoring process. The advantage of AE method lies in the 
fact that the damage can be detected as they occur, that is, in real time; whereas 
other SHM methods such as vibration based methods and ultrasound generally 
detect damage after it has occurred. 
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Time of arrival (TOA) method is a common way of determining the source location of 
AE waves. Several sensors are placed in a structure and the original location of the 
source is identified by comparing the arrival times of the signals at the sensors. More 
details can be found in (Holford and Lark 2005; Nivesrangsan et al. 2007; Tobias 
1976). An illustration for two-dimensional source location, with three sensors (S1, S2 
and S3) is given in Figure 3. 
 
Figure 3: Two dimensional source location (Nivesrangsan et al. 2007) 
 
The distance between the source and sensor S1 is given by (Nivesrangsan et al. 
2007): 
 
 
   
            (1) 
 
 
where D1 and D2 denote distances between sensor pairs S1-S2 and S1-S3 
respectively, θ s denote angles as indicated in the figure and 
 
  
            (2) 
 
 
where c is the velocity of the waves; t1, t2 and t3 are time of arrivals of the waves at 
the sensors S1, S2 and S3 respectively; and Δt1 and Δt2 represent time differences. 
 
The position of the source is given by 
 
  
            (3) 
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Varying θ values, two values of d1 can be calculated from equations (1) and two 
positions (xs,ys) can be calculated from equations (3). Error is calculated between the 
two values and the ones with the lowest error are determined as the coordinates of 
the source. 
 
 
Experiments and Results 
A 0.3 m by 0.3 m aluminium plate (thickness 5 mm) was used as the test specimen. 
Four channel µ-DiSP Physical Acoustics Corporation (PAC) AE system was used to 
record and analyse the AE signals. Sensors used were R15a (PAC) and 
preamplifiers were used to amplify the signals. Three sensors were placed in three 
locations of the plate. A diagrammatic representation of experimental set-up is 
shown in Figure 4. A number of pencil lead break tests was then carried out in 
different locations within the plate to simulate acoustic emission sources. For each 
test, the times of arrival of the signals (ti) were recorded by the sensors and were 
used to calculate the time differences of arrival (Δtj). A code written in Matlab was 
used to run iterations and to calculate the positions as described before.  
 
 
Figure 4: Experimental setup - aluminium plate with three sensors (Figure not in scale) 
 
The results of the experiments are presented in Table 1. 
 
Table 1: Exact positions vs. calculated positions  
Exact position of lead breaks 
(in m) 
Position calculated 
(in m) 
(0.05, 0.05) (0.0576, 0.0507) 
(0.05, 0.05) (0.0576, 0.0507) 
(0.15, 0.05) (0.1486, 0.0542) 
(0.15, 0.05) (0.1510, 0.0439) 
(0.1, 0.1) (0.1153, 0.1047) 
(0.1 , 0.1) (0.1076, 0.0999) 
(0.15, 0.1) (0.1558, 0.1027) 
 5 
 
(0.15, 0.1) (0.1568, 0.0990) 
(0.2, 0.1) (0.2062, 0.1030) 
(0.2, 0.1) (0.2054, 0.1017) 
(0.1, 0.15) (0.1102, 0.1452) 
(0.1, 0.15) (0.1094, 0.1448) 
(0.15, 0.15) (0.1587, 0.1485) 
(0.15, 0.15) (0.1555, 0.1474) 
(0.2, 0.15) (0.2036, 0.1471) 
(0.2, 0.15) (0.2036, 0.1471) 
(0.05, 0.25) (0.0716, 0.2267) 
(0.05, 0.25) (0.0716, 0.2267) 
(0.1, 0.2) (0.1117, 0.1930) 
(0.1, 0.2) (0.1113, 0.1898) 
(0.2, 0.2) (0.2062, 0.1956) 
(0.2, 0.2) (0.2035, 0.1913) 
 
The results are also presented in Figure 5, showing the locations of the sensors, the 
locations of the emission sources (pencil lead breaks) and the positions calculated 
by the algorithm. 
 
 
Figure 5: Source localization results using TOA method 
 
 
Discussion and conclusion 
Most of the results (in Table 1 and Figure 5) show good match between the exact 
position and the calculated position of the AE sources. The position of (0.05m, 
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0.25m) gave the maximum error, and its position outside the region between the 
sensors is likely to have caused error. Problems with coupling of the sensors to the 
test specimen can also be other likely source of the errors. 
 
TOA method can lead to error in source location. Using different modes or different 
frequency components at the sensors results in arrival times being calculated on 
wave components that have travelled at different velocities and this will lead to 
source location errors (Surgeon and Wevers 1999). Other methods are available, 
such as modal analysis of the waves based on the Lamb theory. Lamb wave 
propagation phenomenon may be significant if the distances between acoustic 
emission source and sensors are more than about a metre (Maji et al. 1997). Lamb 
waves consist of an extensional mode that often appears as a higher-velocity but 
lower-amplitude waves preceding the flexural mode (Finlayson et al. 2003; Maji et al. 
1997). Recording the arrival time of two modes and using their velocities, a single 
sensor could be used to find the location of the source. 
 
Propagation of acoustic emission waves is likely to be affected by the dimensions, 
surface properties and shape of the specimen. This, in turn, will affect source 
localization. The method described is applicable for specimen with simple geometric 
shapes. More work is needed to determine source location in structures with 
complicated shapes. Newer source location methods have been proposed, for 
example, a method based on AE energy has been discussed in Nivesrangsan et al. 
(2007) and a method based on grid of time differences is used by Baxter et al. 
(2007). Use of modal analysis for finding location is also identified as future work. 
 
To conclude, it can be said that determining the source location of emission is an 
important advantage of AE technology. Time of arrival (TOA) is the traditional 
method for this purpose. The results of the experiments show that in specimen with 
simple geometrical shapes, TOA method is successful in determining source 
location. 
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